volume/body water (DV/V) for all four creatinine clearance formulas, plus low/low-average peritoneal solute transport (only for uncorrected CCr) and serum creatinine (for both KT/Vcr formulas). In the validation set, the predictive models produced an area under the receiver operating characteristic (ROC) curve between 0.835 and 0.919 indicating very good predictive accuracy. For corrected CCr and anuria, the regression model produced a minimal normalized drain volume (DV/V) value consistent with minimal acceptable CCr equal to 0.305 L/L per 24 hours. This DV/V cutoff detected low corrected CCr in validation set anuric subjects (n = 55) with a sensitivity of 85% and a specificity of 71 %. For uncorrected CCr and anuria, DV/V cutoffs were 0.273 L/L per 24 hours (high/ high-average peritoneal solute transport) and 0.420 L/L per 24 hours (Iow/low-average transport) .Sensitivity and specificity of these cutoffs in validation set anuric subjects were 87% and 85%, plus 86% and 33%, respectively. .Conclusions: The uncorrected CCr appears to be the most advantageous creatinine clearance formula in CPD, because it allows the use of peritoneal solute transport type in the calculation of the minimal required normalized drain volume. The minimal acceptable uncorrected CCr is 54.4 L/1. 73 m2weekly. To achieve this uncorrected CCr in anuria, the required minimal normalized drain volume is 0.273 L per liter of body water daily if peritoneal solute transport is high or high-average and around 0.420 L per liter of body water daily if peritoneal solute transport is low or low-average. The required total daily drain volume is computed by multiplying the required normalized drain volume by body water .
KEY WORDS: Creatinine clearance; urea clearance; dialysis adequacy; peritoneal solute transport. F ractional clearance (KTN) of urea is applied widely in the assessment of peritoneal dialysis adequacy. By consensus, minimal acceptable KTN urea is 1.70 weekly (1) . Creatinine clearance is also used to assess adequacy of peritoneal dialysis (2, 3) and may complement urea clearance because the peritoneal transport characteristics of these two azotemic indices differ (4) . The formulas applied in clearance studies include the weekly creatinine clearance normalized to 1.73 m2 body surface area (CCr) and the KTN creatinine (KTN Cr) (5) . For these formulas, urinary CCr is either corrected for tubular excretion of creatinine (3) or uncorrected (4) . Minimal acceptable weekly CCr levels were set at 55.4 (2), 40 50 (3), 48 (4), and 60 Lll.73 m2 (6) . Minimal weekly KTN Cr levels were set at 1.75 (5) and 1.43 (6) . This study attempted (1) to investigate the predictors of creatinine clearance, with emphasis on peritoneal solute transport, which is not a predictor of KTN urea (7) but may be a determinant of creatinine clearance (4); (2) to identify the most advantageous creatinine clearance formula; (3) to determine the minimal acceptable levels of creatinine clearance in relation to KTN urea. The primary purpose of this study was to establish the minimal dose of continuous peritoneal dialysis (CPD) required for an agreed-upon creatinine clearance.
PATIENTS AND METHODS
A total of 324 clearance studies were performed over 40 months (November 1990 to February 1994 Clearance studies were performed by collecting 24-hour drained dialysate and urine specimens followed by a blood sample. We measured creatinine, urea and glucose concentration in a sample of mixed drained dialysate and creatinine and urea concentration in the urine and serum specimen. Body water (V) was calculated by the Watson formulas andKT/V urea by standard methods (6, 8, 9) . Dialysate creatinine concentration was corrected for glucose interference by Twardowski et al. ' s correction ( 10) .We calculated CCr and KTN Cr. Each formula was calculated twice: with urinary correction of urinary clearance by averaging the urinary urea and creatinine clearances (8) and with uncorrected urinary creatinine clearance (4) . Serum creatinine at the study was compared to the average serum creatinine for the 2 months preceding the study. Differences greater than 50&mu;mo11L were found in 25 cases (7.4%).
Peritoneal solute transport was characterized as either highlhigh-average or lowllow-average by the dialysate-toplasma (DIP) creatinine concentration ratio. The following values were applied as cutoff points between high-average and low-average transport: for the 195 studies performed in patients on the standard CAPD schedule a 24-hour DIP creatinine of 0.72 (11) , where the 24-hour DIP was obtained from the kinetic study data; for the 129 studies performed in patients not on standard CAPD, a 4-hour DIP creatinine of 0.65, where the 4-hour DIP was obtained from a peritoneal equilibration test (10) . The agreement between the 4 and the 24-hour DIP creatinine was tested in 47 studies in patients on standard CAPD. In these studies the 24-hour clearance collection was followed immediately by a peritoneal equilibration test. Agreement of the classification by 4-hour DIP and 24-hour DIP was obtained in 44 studies (93.6%).
The design of this study required one CPD population to develop the statistical predictive models and another, independent CPD population to test these models. Therefore, prior to data collection, two dialysis units were designated as the training set and the remaining two units as the validation set. The level of each creatinine clearance formula corre spondingto 1.70 weekly KTN urea in the training set was obtained from the linear regression ofKT/V urea on each of the four creatinine clearance formulas and was set as the lowest acceptable creatinine clearance. Values above this level were termed high and those below this level low .High and low training set creatinine clearances were compared by the two tailed Student t-test for continuous variables, expressed as mean&plusmn;SD and by chi-square for categorical variables. In addition to the potential predictors of creatinine clearance (next paragraph), the comparison included protein catabolic rate (PCR) (12) and PCR normalized to standard weight (NPCR) (8) .
The predictors of low creatinine clearance were investigated in the training set by stepwise logistic regression. Variables tested as predictors included gender, age, duration of CPD, diabetes, weight, body surface area, fractional deviation of body weight from ideal (F&Delta;W) (13), body mass index (14, 15) , weekly erythropoietin dose (16), peritoneal solute transport, daily urine volume (UV), daily dialysate drain volume (DV), DV normalized by body water (DV/V), blood hematocrit and serum urea, creatinine, albumin, and potassium concentrations at the urea kinetic study. The probability cutoff for accepting or removing a candidate variable (the alpha value) was set at 0.10.
The area under the receiver operating characteristic (ROC) curve tested the predictive accuracy of the regression models in the validation set (17) . To construct the ROC curve, estimates of low creatinine clearance were obtained from the model at different probabilities varying between zero and one. The sensitivity and specificity of these estimates in detecting low creatinine clearance studies in the validation set were computed. The ROC curve was constructed by plotting the calculated true positive rate (sensitivity) on the y-axis against the false positive rate (1 -specificity) on the x -axis. The area under the ROC curve, which indicates high predictive accuracy if it approaches 1.0, and its 95% confidence interval were estimated by the method of Hanley and McNeil (18) .
A final set of logistic regressions was performed on the combined training and validation set data to identify the predictors of the discrepancies between CCr and KT/V urea. Studies with high or low both CCr and KT/V urea constituted the comparison group to which we compared studies with high CCr and low KT/V urea, and studies with low CCr and high KT/V urea. Table 1 shows the linear regression of KT/V urea on creatinine clearance and Table 2 the differences between high and low CCr by univariate comparison in the training set. CCrc corresponding to 1.70 KT/V urea was 52.0 L/l.73 m2 weekly. Table 3 shows the findings of logistic regression. Low UV and low normalized DV N were identified as predictors of low CCr c. Peritoneal solute transport was a marginal predictor in this model (alpha slightly higher than 0.10). This logistic regression model was solved for DV/V with UV fixed at zero. At a probability of low CCr equal to 0.642, estimated DV N required to avoid low CCrc in anuria was 0.305 L/L per 24 hours. The validation set contained 55 studies in anuric subjects, 27 with low CCrc, and 28 with high CCrc. The DV/V cutoff value of 0.305 L/L per 24 hours detected low CCr c with a sensitivity of 85% and a specificity of 71% in this group.
RESULTS

CCR CORRECTED FOR TUBULAR SECRETION OF CREATININE (CCRc)
CCR NOT CORRECTED FOR TUBULAR SECRETION OF CREATININE (CCRu)
In the training set, CCru corresponding to 1.70 KT/V urea was 54.4 L/l.73 m2 weekly (Table I) , and logistic regression identified low UV , low normalized DV/V, and low/low-average peritoneal solute transport as predictors of low CCru (Table 3 ). Figure 1 with high CCru. The DV/V cutoff of 0.420 L/L per 24 hours detected low CCru in this subgroup with a sensitivity of 86% and a specificity of 33%. This last specificity may be inaccurate given the small number of subjects with adequate CCru in this subgroup.
KTN
CR PREDICTIVE
MODELS
Logistic regression identified low UV and DV N plus high serum creatinine as predictors of low KTN cr' both corrected and uncorrected ( Table 3 ). The two logistic regression models for KTN cr were solved for serum creatinine by assigning the fixed values zero to UV, and 0.2, or 0.305 or 0.4 L/L per 24 hours to DV/V. Figure 3 shows the maximal estimates of serum creatinine consistent with high KTN Cr at different probabilities. The two models provided similar estimates. At any p value, the maximal serum creatinine level consistent with high KTN Cr was higher at higher DV/V values.
STATISTICS IN THE WHOLE SET OF DATA, COMBINING THE TRAINING AND VALIDATION SETS
The discordance between uncorrected CCr and KTN urea was investigated. One hundred and eightynine clearance studies (58.3%, group A) had KTN urea above 1.70 and CCru above 54.4 L/l.73 m2 weekly, 67 (20.7%, group B) had low both KTN urea and CCru, 27 (8.3%, group C) had low KTN urea and high CCru, and 41 (12.7%, group D) had high KTN urea and low CCru. Groups A and B combined constituted the comparison group. The following predictors of group differences were identified by logistic regression: between group C and the comparison group: low DV/V, high UV, and high/highaverage peritoneal solute transport; between group D and the comparison group: high DV/V.
DISCUSSION
This study encompassed almost the entire CPD population in Albuquerque. Its statistical models were tested in an independent set of data. "Low" and "high " CCr levels were determined by comparison to KTN urea, for which a minimal acceptable level of 1.70 has been established by consensus (1) . The establishment of a minimal acceptable level of creatinine clearance from the linear regression of KTN urea on creatinine clearance would not be useful if the concordance between KTN urea and creatinine clearance were perfect or near perfect, in which case there would be no need to study both clearances, or if the concordance were poor. The very good, but not perfect, concordance between the two clearances (Table 1) suggests that the clearance mechanisms of the two substances are affected by common factors and lends credence to the selection of the creatinine clearance level corresponding to weekly KTN urea of 1.70 as the lower acceptable level. Indeed, in CPD creatinine clearance and KTN urea share urine volume, normalized drain volume, and serum creatinine as predictors (7) This study contained only patients on CPD, because the slope CCr/KT/V urea differs between CPD and intermittent peritoneal dialysis (19, 20) . Nolphet at. (20) reported the following relation in CAPD: CCrc = -5.5 + 33 (KTN urea). By this regression, a CCrc of50.6 L/l.73 m2 corresponds to a KT/Vofl. 70 compared to 52.0 L/l.73 m2 in our study (Table 1) . Although the CCr c levels obtained by both regressions are similar around the critical KTN value of 1.70, the slope CCrc/KT/V urea is steeper in our study. For example, CCr c levels corresponding to KTN urea of 1.30 and 2.10 were, respectively, 37.4 and 63.8 L/l.73 m2 in Nolph's study and 31.3 and 72.7 L/l.73 m2 in the present study.
The predictive accuracy of the regression models for the four creatinine clearance formulas was similar in the validation set (Table 3) . However, the models applying the CCr formulas allowed the calculation of minimal normalized drain volume (DV N) levels consistent with high CCr, permitting targeting of the prescribed daily dialysate exchange volume. In addition, the predictors of the uncorrected CCr included peritoneal solute transport, which is the only predictor not shared by KT N urea and CCr .
We propose that the uncorrected CCr formula (CCr u) has a definite practical advantage in CPD and provides justification for the use of creatinine clearance in addition to urea clearance in the assessment of CPD adequacy. We suggest that both KTN urea and CCr u should be kept above the minimal acceptable levels. Setting the minimal acceptable CCr u in comparison to KTN urea causes discrepancies in about 20% of the cases.
The discrepancies between these two clearance formulas in CAPD were also studied by Chen et at. (21) . These authors compared a minimal CCru level of 50 L/l.73 m2 weekly to 1.70 weekly KTN urea and reported the same percent of discordant studies (20% ) and, essentially, the same causes of discrepancy between the two clearance formulas (peritoneal solute transport, urinary clearance) as those reported in this study.
In conclusion, the uncorrected CCr is the most advantageous creatinine clearance formula in CPD. The minimal acceptable CCru is 54.4 L/l.73 m2 weekly. The minimal normalized drain volume re quired for this CCru in anuria is 0.273 L per 24 hours per liter of body water if peritoneal solute transport is high or high-average, but may be around 0.42 L per liter ofbody water daily if peritoneal solute transport is low or low-average. The required total daily drain volume is computed by multiplying the normalized drain volume estimate by body water (in liters). The achievement of minimal acceptable CCr in large anuric CPD subjects with low peritoneal solute transport is, therefore, problematic. Whether patients with low-average transport can achieve acceptable CCr with lower drain volumes and whether automated peritoneal dialysis, with its capacity to deliver large daily exchange volumes, is capable of delivering acceptable CCr in large anuric subjects with low transport remain to be determined. The method developed in this report can be applied in the determination of the DV N required to provide any CCr value.
